Ulcerative colitis may be associated with a number of different diseases of the liver and biliary tree. These include fatty liver, active chronic hepatitis, cirrhosis (Holdsworth, Hall, Dawson, and Sherlock, 1965) , and coexisting conditions such as virus hepatitis. The most common hepatic complication of ulcerative colitis, however, is intrahepatic cholestasis. This is covered by a variety of names including pericholangitis (Mistilis, 1965) , interlobular hepatitis (Kimmelstiel, Large, and Verner, 1952) , intrahepatic cholangiolitic hepatitis (Schwartz and Dale, 1958) , and triaditis (Stauffer, Sauer, Dearing, and Baggenstoss, 1965) . Inflammation of the larger bile ducts within as well as outside the liver has been described as primary sclerosing cholangitis (Schwartz and Dale, 1958; Holubitsky and McKenzie, 1964) . This may be associated with diseases other than ulcerative colitis, including retroperitoneal fibrosis and Riedel's struma (Bartholomew, Cain, Woolner, Utz, and Ferris, 1963) . Ulcerative colitis may also be complicated by a carcinoma arising in a major bile duct (Stauffer, et al., 1965; Rankin, Skyring, and Goulston, 1966) .
The present paper describes four cases of ulcerative colitis with primary sclerosing cholangitis and emphasizes the variable involvement of ducts of all sizes, whether intrahepatic or extrahepatic, and also of the gall bladder.
CASE REPORTS CASE 1 In 1963, this 32-year-old draughtsman developed diarrhoea which has continued intermittently. Motions number at least four daily, and blood and mucus are present during exacerbations. A barium enema performed in 1964 was not diagnostic of ulcerative colitis but 435 appearances at sigmoidoscopy in April 1966 were consistent with severe ulcerative colitis. In May 1964, jaundice appeared with complaints of nausea, vomiting, fever, and itching, and several episodes of epigastric pain. Stools were pale. Serum bilirubin was 12-2 mg. per 100 ml. and serum alkaline phosphatase 20 King Armstrong units per 100 ml.: jaundice persisted and in July 1964 laparotomy was performed. The common bile duct was considerably thickened and contained pultaceous material. The gall bladder and pancreas felt normal; the liver was slightly enlarged but no lesion was noted macroscopically. Staph. albus only was grown from a liver biopsy. Histological examination of a biopsy of the thickened bile ducts revealed dense fibrosis with patchy infiltration by lymphocytes, plasma cells, and eosinophils. No tumour was seen. The liver changes ( Fig. 1) were those of a subacute hepatitis with much cholestasis, and were not those of uncomplicated biliary obstruction. Both portal zones and parenchyma contained an infiltrate which included many plasma cells. Centrilobular liver cells were swollen and mild fatty change and slight septate fibrosis were also present.
The patient improved with prednisolone and ampicillin. Apart from frequent stools, he was well until May 1965, when he again developed jaundice and griping abdominal pain, which lessened after a course of ampicillin. A recurrence of cholestatic jaundice with pyrexia and abdominal pain led to a further laparotomy in July 1965, at which time the common bile duct was found to be a thickened, fibrous cord. All the extrahepatic ducts were
involved. An operative liver biopsy showed fatty change and only very mild inflammation. Fibrosis had not progressed, and bile ducts again appeared normal. Cholestasis was absent.
Since the second operation, the patient has had seven further episodes of cholangitis accompanied on six occasions by exacerbations of the colitis. In September 1965 she developed aphthous ulcers of the mouth and vagina. In November she began to itch and in December an attack of epigastric pain and diarrhoea lasted one day. Jaundice appeared in January 1966 with pale stools and dark urine, but without fever or pain. The liver was palpable 3 cm. below the costal margin, the spleen was not palpable. Biochemical investigations (Table II) showed a cholestatic picture. Percutaneous liver biopsy showed periportal fibrosis and an acute inflammatory portal zone lesion with oedema. Heavy cholestasis was largely periportal, suggesting an intrahepatic cause, but the other features favoured large duct obstruction. A laparotomy was performed, when the common bile duct was found to be thickened and its lumen extremely narrowed. It contained granular pultaceous material. An operative cholangiogram and subsequent T tube cholangiogram showed the common duct to be narrowed (Fig. 2) . There was narrowing of the right and left main hepatic ducts close to their origins with a proximal dilatation. One or two of their major subdivisions showed a tendency towards beading and there was a lack of normal branching. The gall bladder was removed. A child's size T-tube was inserted in the common duct and removed 10 days after the operation.
Histological examination of the contents of the common duct showed granulation tissue with proliferating biliary epithelium but no tumour (Fig. 3) . The gall bladder, which contained no stones, showed mild acute and chronic inflammatory changes. The wall was oedematous and the muscle coat thickened. There were several small lymphoid aggregates and numerous plasma cells. Non-specific reactive changes were seen in a lymph node from the porta hepatis. The histological appearances in an operative liver biopsy were similar to those in the needle biopsy but with fewer neutrophils in the inflammatory exudate and an occasional focal aggregate of lymphocytes. Concentric fibrosis was evident around many of the smaller bile ducts (Fig. 4) (Fig. 5) . The intrahepatic tree was well outlined. There was narrowing of the intrahepatic ducts close to their origin with some proximal dilatation. There was early beading of the inferior subdivisions of the right hepatic duct system, and a lack of normal branching of the hepatic duct system. Choledocho-jejunostomy was performed and the gall bladder was removed.
Histological study of a biopsy of the common bile duct showed much fibrosis, proliferation of biliary epithelium and heavy infiltration with mononuclear cells, some of which had formed aggregates. No tumour was found. The gall bladder showed mild chronic inflammation. There were several small lymphoid aggregates and plasma cells were prominent. A wedge liver biopsy showed fibrosis but no nodules. Bile duct proliferation and neutrophils in portal zones were consistent with large duct disease. In addition, however, there were many mononuclear cells, and some of these had formed aggregates around otherwise normal medium-sized ducts (Fig. 6 ). There was no cholestasis.
The patient was free of symptoms until 1965 when she had four typical attacks of cholangitis, responding to tetracycline. A percutaneous needle biopsy of liver was taken in April 1966, and showed developing true nodular cirrhosis of biliary pattern (Fig. 7) . At this time the serum bilirubin was 1-0 mg. per 100 ml., alkaline phosphatase 27 K.A. units per 100 ml., aspartate transaminase 34 I.U. per litre, serum albumin 3-5 g. and globulin 4-1 g. per 100 ml., and serum cholesterol 176 mg. per 100 ml.
Tetracycline was continued prophylactically and she was well until September when she again became jaundiced. Sulphatriad was substituted, with relief of the One week after the onset of diarrhoea in 1955 he became jaundiced forthe first time. This was accompanied by pale stools, dark urine, and colicky abdominal pain. The serum bilirubin was 5-1 mg. per 100 ml., serum alkaline phosphatase 46 K.A. units per 100 ml., and serum cholesterol 280 mg. per 100 ml. Needle biopsy of the liver showed moderate fibrosis, inflammation, and cholestasis consistent with chronic or recurrent biliary disease. Laparotomy was performed and the common bile duct found to be a thickened fibrous cord with a hardly discemible lumen. Cholangiography demonstrated diffuse irregular narrowing of the common duct below the origin of the cystic duct, but the dye was still able to pass to the duodenum. The intrahepatic ducts showed a lack of normal branching and multiple strictures with beading ( Fig. 8) . Cholecysto-jejunostomy was performed and the jaundice was relieved. Histological appearances in a biopsy of the common bile duct were those of chronic inflammation; connective tissue contained proliferated glands and showed focal as well as diffuse infiltration with mononuclear cells. There were smaller numbers of plasma cells and neutrophils. Lymph nodes showed reactive changes and contained many plasma cells.
Cholangitis and jaundice returned three months postoperatively. This was initially relieved in 1957 by repair of the cholecysto-jejunostomy. Jaundice again returned in 1958. High stenosis at the common duct was found at laparotomy in 1959 and cholecystectomy, choledochostomy, and sphincterotomy were performed with relief of jaundice. A bile duct biopsy showed acute and chronic inflammation and squamous metaplasia. The gall bladder was thickened by oedema and muscle hypertrophy rather than fibrosis (Fig. 9 ). The epithelium was tall and papillary and the lamina propria contained lymphoid aggregates and many plasma cells. Rokitansky-Aschoff sinuses were few. Reactive changes were again seen in the lymph nodes.
The patient continued to have a raised level of serum alkaline phosphatase and impaired B.S.P. excretion, but was free of any symptoms of liver disease until 1966. On histological examination the tumour proved to be a well-differentiated mucus-secreting adenocarcinoma (Fig. 10) . The common bile duct remnant was free of tumour and showed neither inflammation nor sclerosis. In the liver, fibrous septa extended from portal zones (Fig. 11) 1965, 1966 1955, 1956, 1957, 1958, 1959, 1966 (terminal) evidence of chronic biliary disease, and carcinoma of the right hepatic duct.
DISCUSSION
The requisites for the diagnosis, of sclerosing cholangitis are (1) diffuse generalized involvement of the extrahepatic ducts; (2) absence of previous biliary surgery; (3) absence of gall stones; (4) exclusion of carcinoma of the ducts by reasonably long follow up (Holubitsky and McKenzie, 1964; Warren, Athanassiades, and Monge, 1966) . Other criteria include progressive icterus without pathological evidence of a malignant neoplasm (Bartholomew et al., 1963) . Radiologically, diffuse narrowing of the common bile duct may be seen (Manesis and Sullivan, 1965 Sclerosing cholangitis is an uncommon association of ulcerative colitis. Warren and co-workers (1966) , in a series of 1,474 patients with ulcerative colitis, found only 12 with accompanying sclerosing cholangitis. The presence of atypical cholestatic features suggests the diagnosis, although on purely clinical grounds it is not possible to differentiate sclerosing cholangitis from intrahepatic biliary disease or other large duct pathology. The present cases could only be diagnosed at laparotomy. As with the other forms of biliary disease accompanying colitis, in particular pericholangitis (Mistilis, Skyring, and Goulston, 1965a) , there was no relation between the severity and duration of the ulcerative colitis and the episodes of jaundice. Once the diagnosis has been established the future clinical course will depend on the extent and progression of the sclerosing process and the efficacy of surgery in the relief of any large duct obstruction. Recurrent cholangitis with jaundice was the principal clinical feature in our long-term follow up, cholestasis per se occurring less frequently. Primary sclerosing cholangitis has been associated with fibrosing lesions elsewhere in the body such as retroperitoneal fibrosis (Schwartz and Dale, 1958) , mediastinal fibrosis (Hawk and Hazard, 1959 ), Riedel's struma (Woolner, McConahey, and Beahrs, 1957) , and retro-orbital tumours (Hache, Utz, and Woolner, 1962; Arnott and Greaves, 1965) . There was only one patient in the present series (case 3) with retro-orbital tumours. She subsequently developed bilateral exophthalmos. Clinically she is euthyroid and all tests of thyroid function are normal except for a slightly raised protein-bound iodine131. Thyroid histology is, however, not available and Riedel's thyroiditis cannot be excluded with certainty.
The liver function tests did not aid in the differentiation of an intra-and/or extra-hepatic cause for the cholestasis. The persistently elevated alkaline phosphatase level, irrespective of the presence or absence of jaundice, was similar to that described in pericholangitis (Mistilis et al., 1965a) although the levels in pericholangitis are usually higher.
Serum antibody tests gave variable, and at the present time inexplicable, results. The smooth muscle antibody is present in a wide range of liver disease and the mitochondrial immunofluorescence is by no means specific for primary biliary cirrhosis (Doniach, Roitt, Walker, and Sherlock, 1966) . These tests are, however, negative in secondary biliary cirrhosis.
If the sclerosis affected the extrahepatic ducts only a dilated intrahepatic biliary tree would be expected. Instead, operative cholangiography showed the intrahepatic ducts to be narrowed and they are presumably involved in the same process. The beading would appear diagnostic. Percutaneous cholangiography was not attempted but the narrowed intrahepatic ducts would probably have caused this procedure to fail. Operative cholangiography was also difficult but the introduction of the catheter through the gall bladder, as in case 4, may facilitate this procedure.
Fibrosis and non-specific inflammation has been previously reported in the bile ducts (Roberts, 1955; Goldgraber and Kirsner, 1960; Bartholomew et al., 1963; Holubitsky and McKenzie, 1964 ). An abundance of tissue eosinophils (Bartholomew et al., 1963) and necrosis of the duct tissue (Goldgraber and Kirsner, 1960) has also been noted. The present patients showed similar changes of non-specific chronic inflammation, lymphoid aggregates, and in one case a few scattered eosinophils in the cellular infiltrate.
In three of our four cases there was inflammation of the gall bladder wall. The changes probably represented part of the spectrum of biliary tract involvement. Gallstones were not found at laparotomy in any of the three cases. Schwartz and Dale (1958) reported inflamed or thickened gall bladders in eight of 19 patients with sclerosing cholangitis but in only two of the eight were calculi found. The appearances were not those of the cholecystitis typically associated with cholelithiasis; inflammation was mild, there was little new fibre formation, and there were few Rokitansky-Aschoff sinuses. Lymphoid aggregates and abundant plasma cells were striking features. In case 4 papillary change of the mucosa, oedema of the wall, and muscular hypertrophy made an unusual combination. Association of ulcerative colitis, sclerosing cholangitis, and distinctive non-calculous gall bladder disease has previously been reported by Goldgraber and Kirsner (1960) .
None of the liver biopsies showed the picture of uncomplicated large duct biliary obstruction but in some, notably in case 2, the resemblance was close and probably reflects the combination of intrahepatic and extrahepatic disease. In biopsies taken late in the course of the liver disease some of the changes may have been secondary to biliary surgery. There was no histological evidence of primary biliary cirrhosis.
The cause of sclerosing cholangitis is not known. Bacterial, viral, allergic, or toxic factors have been invoked (Stauffer et al., 1965) . The association of sclerosing cholangitis with other diseases considered to have an autoimmune basis has led to the suggestion that it may be part of a systemic disorder (Smith and Loe, 1965) . Drug therapy, in particular with sulphonamides, has also been considered as a possible aetiological or aggravating factor (Stauffer et al., 1965) . None of these factors was proven in the present cases.
Treatment consists of decompression of the biliary tree to relieve any obstruction. Cholangiography should always be performed at operation, to demonstrate the extent of both the extra-and intrahepatic biliary duct involvement. A biopsy of the duct should be taken to confirm the diagnosis. If the obstruction is complete it is relieved by resection of a stricture or a bypass procedure. When the obstruction is incomplete but involves the whole of the duct, T tube drainage may be the treatment of choice (Smith and Loe, 1965) . Of our two patients who had generalized incomplete obstruction, one (case 2) has done very well following T tube drainage and the other (case 1), who was not given the benefit of T tube drainage, has done badly. The T tube, or preferably a Y tube, has the added advantage that postoperative cholangiograms can be performed to assess the state of the ducts. The gall bladder, if possible, should be left intact, so that if obstruction recurs it may be utilized for a bypass procedure.
Eventually it may become necessary to resect most of the duct and gall bladder.
Medical treatment is useful for the control of cholangitis episodes, when antibiotics alone or combined with corticosteroids are usually effective. It is, however, ineffective when given prophylactically to prevent further cholangitis or jaundice. There is no evidence that medical therapy with corticosteroids alters the course of the disease process. Similar observations have been made in pericholangitis (Mistilis, Skyring, and Goulston, 1965b) . Persistent jaundice or recurrent cholangitis may necessitate further surgery.
The prognosis of sclerosing cholangitis is considerably better than originally reported. If the large duct obstruction can be relieved liver cell function is well preserved and patients may remain asymptomatic for periods of more than five years. A biliary cirrhosis may develop (case 3), although, as in case 4, cirrhosis had not developed even 11 years after the original diagnosis. The prognosis is probably better than in primary biliary cirrhosis and it resembles that of a traumatic (postoperative) biliary stricture. The only death (case 4) was due to hepatic duct carcinoma. This complication has been reported in ulcerative colitis with and without accompanying biliary disease (Stauffer et al., 1965; Rankin et al., 1966) . It has been described in patients considered initially to have sclerosing cholangitis and subsequently within one to five years found to have an associated carcinoma. Its development in case 4 was a terminal event.
The present cases had many of the clinical and pathological features of pericholangitis. Vinnick and Kern (1963) entertained the diagnosis of pericholangitis only in the presence of a normal biliary tree but Smith and Loe (1965) described pericholangitis occurring together with sclerosing cholangitis and speculated on a relationship between the two conditions. Stauffer et al. (1965) reported narrowed or thickened ducts and also gall bladder disease in cases of ulcerative colitis with portal zone inflammation. Two of our four cases had the histological lesions of pericholangitis, and in these, as well as in a third case, intrahepatic involvement ofthe biliary tree was demonstrated on cholangiography. Since pericholangitis is patchy, the fourth case may also have lesions in the liver. The major bile ducts, gall bladder, and liver can be involved in a similar pathological process in an individual case. Sclerosing cholangitis may thus be one component of a syndrome in which pericholangitis represents the intrahepatic duct lesion.
The disease process may not affect the whole intra-and extrahepatic biliary tree in every case, for not all cases with pericholangitis also have primary sclerosing cholangitis. For example, Boden, Rankin, Goulston, and Morrow (1959) were able to exclude obstruction to the biliary tree in six of seven patients with ulcerative colitis and pericholangitis, and Hellstrom and Perez-Stable (1966) described sclerosing cholangitis involving only intrahepatic ducts. Nevertheless, the concept of a single disease process involving all or any part of the biliary apparatus has the merit of simplifying the problem of cholestasis in ulcerative colitis. The clinical and biochemical features of pericholangitis (Mistilis et al., 1965b) are similar to those of our cases and there is also little difference in the response to steroid or antibiotic therapy.
SUMMARY
The clinical and pathological features of four cases of sclerosing cholangitis with ulcerative colitis are presented. The diagnosis can only be made at laparotomy. On clinical and laboratory findings the differentiation of sclerosing cholangitis from other intrahepatic biliary disease or large duct pathology is impossible.
The common duct is seen as a thickened fibrous cord with a markedly reduced lumen. Operative cholangiography and duct biopsy should be performed to confirm the diagnosis. Cholangiography localizes the site of any obstruction, demonstrates the extent of the intra-and extrahepatic duct involvement, and the appearance of beading appears to be diagnostic. The pathological changes in the bile duct are not specific in themselves. Gall bladder lesions were seen in three of the cases. The liver presented a variety of histological lesions including pericholangitis. The present study shows sclerosing cholangitis to be a general disease of the biliary tree that can affect both the intra-and extrahepatic ducts as well as the gall bladder. The findings also suggest that sclerosing cholangitis and pericholangitis may be part of a single disease process involving all or part of the biliary apparatus in ulcerative colitis.
The cause of sclerosing cholangitis is not known but none of the usual factors invoked were proven in the present cases. There was no relationship between either the severity or duration of the colitis and jaundice. Serum antibody studies gave variable and at the present time inexplicable results.
The prime requisite of treatment is decompression of the biliary tree to relieve any obstruction. Medical treatment is of use in the control of cholangitic episodes but is ineffective in altering the course of the disease process. Corticosteroids are of limited value. The prognosis is, however, considerably better than originally reported, patients frequently remaining asymptomatic for a number of years. One patient has developed a biliary cirrhosis but the only death was due to a complicating hepatic duct carcinoma.
